In this work, a phenomenological model is applied to describe the magnetocaloric effect for the La 0.75 Ca 0.25 MnO 3 system near a second-order phase transition from a ferromagnetic to a paramagnetic state. Based on this model, it can predict the values of the magnetocaloric properties from calculation of magnetization as a function of temperature under different external magnetic fields. The magnetic entropy change reaches a peak of about 5.39 J/(kg·K) at 257 K upon 4 T applied field variation. The ∆S M distribution is much more uniform than that of gadolinium, which is desirable for an Ericson-cycle magnetic refrigerator.
Introduction
Recently, the development of new refrigeration technology, based upon the magnetocaloric effect (MCE) or electrocaloric effect, has brought an alternative to the conventional gas compression technique [1] [2] [3] [4] [5] [6] [7] [8] [9] . This refrigeration provides an efficient and environment-friendly solution for cooling. It is more efficient, inexpensive, and environmentally friendly for replacing the current refrigerators using greenhouse gases that are harmful to environment and contributing to global warming.
Perovskite manganites have attracted significant attention since the discovery of colossal magnetoresistance, and a large number of interesting properties of these compounds have been found. In recent years, there has been an increasing interest in using manganites not only as a material having colossal magnetoresistivity but also as a material with interesting magnetocaloric properties [9] [10] [11] .
Perovskite-like manganites La 1−x Ca x MnO 3 exhibit a variety of physical properties depending on the Ca concentration x. The strong correlation among magnetic, electronic, orbital and transport properties of manganites makes these systems particularly sensitive to external perturbations, such as temperature variation, application of magnetic field or high pressure [12, 13] . Characterization and application of the magnetic properties of ferromagnetic materials become increasingly important as magnetoelectronic devices for the level reliability [14, 15] .
This 
Theoretical considerations
According to phenomenological model [16] , the dependence of magnetization on variation of temperature and Curie temperature T C is presented by
where i M is an initial value of magnetization at ferromagnetic-paramagnetic transition and f M is a final value of magnetization at ferromagneticparamagnetic transition as shown in Fig. 1 . Besides, Fig. 1 Dependence of magnetization as a function of temperature. Figure 1 shows the curve temperature dependence of magnetization in constant applied field was retraced by Eq. (1). Equation (1) is determined by the physical mechanism that the magnetic moments can be increased by decreasing temperature. At temperatures well below Curie point, the electronic magnetic moments of a ferromagnetic specimen are essentially all lined up, when regarded on a microscopic scale.
A magnetic entropy change of a magnetic system under adiabatic magnetic field variation from 0 to final value H max is available by
2) The foundation of large magnetic entropy change is attributed to high magnetic moment and rapid change of magnetization at T C . A result of Eq. (2) 
Equation (3) is important for taking into consideration the value of the magnetic entropy change to evaluate magnetic cooling efficiency with its full-width at half-maximum. A determination of full-width at half-maximum
This equation gives a full-width at half-maximum magnetic entropy change contributing for estimation of magnetic cooling efficiency as follows.
A magnetic cooling efficiency is estimated by considering magnitude of magnetic entropy change 
The magnetization-related change of the specific heat is given by [18] ,
According to this model [16] ,
)
A temperature change of a magnetic system under adiabatic magnetic field variation from 0 to H max can be written in the form 
Simulation
In order to apply phenomenological model, parameters versus ∆H are determined as displayed in Table 1 . They are obtained from experimental data. A heat capacity C P =525 J/(kg·K) [19] . (5) respectively, and tabulated in Table 2 . Moreover, the maximum and minimum values of specific heat change for each sample are determined from Fig. 4 .
Both ∆S M and ∆T reflect a fundamental importance on the understanding of the behavior of the MCE, and these terms can be approximately estimated using Eqs. (2) and (8) respectively. As shown in Fig. 3 , ∆S M reaches a peak of about 5.39 J/(kg·K) at 257 K upon 4 T applied field variation. Though the maximum ∆S M is 9 J/(kg·K) upon 4 T applied field variation which is about 60% of that of a pure Gd metal 2.8 J/(kg·K) upon 4 T, the ∆S M distribution of the La 0.75 Ca 0.25 MnO 3 is much more uniform than that of gadolinium [20] [21] [22] . This feature is desirable for an Ericson-cycle magnetic refrigerator [23] . Moreover, if further increasing the magnetic field applied on the La 0.75 Ca 0.25 MnO 3 , it is expected that it could get better magnetocaloric effect. Furthermore, La 0.75 Ca 0.25 MnO 3 has better magnetocaloric effect than the same system at other level of Ca concentration as shown in Table 2 . In general, the large magnetic entropy change in perovskite manganites has been believed to be related to the considerable variation of magnetization near T C [24] . The spin-lattice coupling in the magnetic ordering process could play a significant role in additional magnetic entropy change [25] .
Magnetic refrigeration works because there are two contributions to the total entropy of the system: a magnetic entropy that is related to the order of magnetic moments, and a lattice entropy that is related to the temperature. It is convenient to start with a material with disordered magnetic moments, which is typically found with the lowest field magnitude and ambient temperature within the refrigeration cycle. Applying a magnetic field adiabatically causes the spins in the material to align. Recalling that no heat is exchanged in an adiabatic process, the decrease in magnetic entropy must be compensated by an increase in the lattice entropy, which implies that the material must heat up. Once the moments are aligned and excess heat has been removed, the material returns to ambient temperature. The adiabatic removal of the applied field then leads to an increase in magnetic entropy, which is compensated for by a decrease in the lattice entropy, and thus the temperature of the material decreases below ambient.
Due to strong coupling between spin and lattice, significant lattice change accompanying magnetic transition in perovskite manganites has been observed [26, 27] . The lattice structural change in the Mn-O bond distance as well as Mn-O-Mn bond angle would, in turn, favor the spin ordering. Thereby, a more abrupt reduction of magnetization near T C occurs and results in a significant magnetic-entropy change [28] [29] [30] . In this way, a conclusion might be drawn that a strong spin-lattice coupling in the magnetic transition process would lead to additional magnetic entropy change near T C , and consequently, favors the MCE.
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